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In. oonJ_nction with a general !investigation of aerodynamic

forces on cockpit enclosures, surface static i._ressureshave been
measured ove.r both the outer and imw_r surfaces of the conventional

sln_le sliding canopy, conventj.onal front and rear sliding canop.les,
and the bubble-type canopy which are typified by the install_.tions

on the Gru_._}mnF6F-3, C_a%iss o_..-_h_,, ,- o,._--_;, and Cr_n_man FSF-I a_rpl_nes,

rospcctivel,y. This •report,preseuts a prelim:[mary analysis of data

obt,_ined for the bubblc_-_,jpe canoL;y. Plots are presented that show

the distrJbution of pr.css.ureat six ist.era],sections tlu_ough the

canopy for a range o.,.conditions scle.ctcd to dcu,_n]ne the ezfect_,

of varyin_ canopy positLon, yaw, power, and lift coefficient. The

'results indicate thab the net aer_:!yn_mie lopds on the canopy are

greatest whom the airp]ane.is--_ucrat.in_ at hiL]h speed with the
Canol_Y clOsed,_' At al_altitud_,s)investigated the effect of opening

the canopy _s to reduce._the_.ezcSernal-znt,ernal preu_4_re d_fferential

and-therefore, to reduce the exploding forces, Asymmetrical loading
is shown for nu_i'e-l;o_,_J_condit_o_-;,'-_{_--t0pr6_eller " op@ration and air-

p.]Ane yaw but is most extrem_ at positive yaw attitudes with propeller ,//_
operating, -_--_ .... _t,-

-" - . I
.... t"/"

INTRpDUCTION
, t

i

The occurrence of canopy failures on Navy airplanes Jn flight

has indlcatod that present .lo'_dreg.uJrements _sed in the design
_.Le currentof canopies and thclr components may not be adequate. _'_

load requil_ements are based on wind-tunnel pressure distributions

obtained over a range, of: pitch and yaw attitudes with the canopy

closed an_] do not inc].udo accurate measurement of internal pressure

or the effects of c:_m_-pyop.e.n:ir_:_,.It. is,. therefore, desirable that

these factors be _nve_t.ig_a.t,ed and..the critical load b,on8Itions be

more accurately defined, !. .-

_";',q-_,_ _'._cnoralinve_ti_ation has bccD conducted at, theAS a ....... ,,_ a

],_ngley ].:,boratory of the Lab.uonai Adv:i:_orv Cc_mnittee for Aeronautics
to doter_j__c the cr:_tic.alload requ:tremcnts by means of cxtcrn,._land
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internal pros,_ur¢ measurc;_ents_ on airplanes emploo,':[ng tln'ee representa-

tive t:<J_es of c-_nopie,s. The t}_'ce typos of canopies selected fo__ bho

tests wore the conv&ntional h_n/-.,,!e_�lldJ.ng oanopy_ eonvention<_l fi'ont

and real- slidJn o canopiesj atld the bub_Jle-type canopy which are

tlpified, by the J.],:_t,_lL_b_on,_i...... _ . "" oh the Grmuann F6F--3, CurtIss SB20-4],_,

and Grt_!mn_n F{z�?-.].airplanes, respectively.

As the first phase of the investigatj.on, tests have been made

in the L__ngley full-zcaio tunnel to det_:rm:[nc external and internal

pressure distributions on.the tlm'oe types of canopies for an exten-

s.iw_ range of simulated f].ight conditlon-:_ with canopy position

varied from closed to full open.,

This report presents the results obt,nined with the bubb].e-type

ca_6py on the F3I,'-i ' _ -.a.Lrpl..-_no Additional rol>Orts..hsve been prepared

•¢ov.0z_inc results for the conventional single sliding canopy and the

.. £ofiqentional.f'ront ands.rear sliding canopie_ (z'efez'en['es.1 and 2).

o.

t

'- " " " . Airplane

•. The Oru#±man F_.,F--Ialrp!ane J,_ a 10_<-wJng: single--place fi'ghter

i. airolane_ h_vin_._ a wjnt,' span of ._.o5feet 6 J._c]-,_._ a wlng. area of

244 sq_al'e fee:t, and a n0rn_al 6ross weight of 9050 pounds. The air-

. plebe is powere8 by a _rott & Whitney I_-2_00--0 engine having a

propeller to onginc_ gear r'atJo of 0.45 to 1. The engine has a

military power rating of 2_i00 horsepower at 2800 .rpm at sea level,

, The eh_Jne drives a 12-foot 7-inch four-b!adc Hamilton Standard

•p)_opeller huvlng H 20C.-162-iI_45 blades with an activity, factor of

. i06.2... A three-view drawingglvlng the principal _]imensions is

shown in figure I. Figtn-e 2 s,hows the airplane mounted jn the

Langley f_ll-_calc tunnel.

The cockpit canopy on this airplane c__]n_''_,i.,t__ _ of a _,_].'n_'_le-"

piece rearward slidJ.n Z bubble-type Plexig].as cano[_y, Photographs

showin_ the canopy ai'ra._igement are presented in fi2;t_re 3. The

canopy is equipped with emergency release mechanism so arranged th:_t

all pointg of attachm,_nt are released by pullings one center cont.vol.

" D_THODS AND TESTS

St_.rfac(,_ static pre.ss_lros over t}'_eexbcrior of t.he cockpit

cenopy were n,easured by me_ns of flush-type static orifices Instnllod

in nine longitudinal _o_,_salon_ the canopy as sho_ J.n figure 4,

Static peossuros at the inner surface of the canopy were measured

by me:_ns of six 1/i6_-inch .statJ.c-pre_sure tubes install_d at lecat::ons

J.ndJc_ted in.figure )_-..

=

=
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The extezm.ai e3_d internal p:rossures _.:eromeasured with propeller

removed and ,,_+!_ _-"o _i _ i ,......... _ p_ _.e. _ o]_orating an{_ _ith the cr, nopy sot in four

posit_ons: im-,_ely, closed, 3 inches open, J./_:opon_ end full open.

For the 10rope!let-removed t,¢sts the airplan e,wee sot at sncies of

attack c@r_responding to lift co,effic!ehts of 0.I0, 0.50, 0.$7, en-_d1.!8

as dotei_mined from forc.o_c.est data (fiL. 5). As force-test data were

not _,,:,railablofor prope!ler-opel-ating co_-_ditions, the angles of attack

selected for pi"opel].er--removod tests were also urjed with propeller

operating. Th{_ l].ft coe_icl(.nLs for the pro2el!er-operating tests

were, therefore, s!i{J_t!y h._tdler than the s'_ecifled values. Force

tests to determine the exact lift coefficients were not just]f .led

inas]m_.ch as previous tests (i_3fsronoes I and 2) had s]_o_m that ca/_opy

pressures were not appreciably affected by s!_-',l], variations of llft
coefficient.

With the prope].lor renew;d, the tests included mmasure._._nts at

yawed attitudes of 0 ° and -7.5 ° for the two low lift coefficients,

and at yaws of -15 o, -7._ o, and 0° for the hi6h lift coefficients.

Tests were not made at the positive yaw attitudes with the prepell_

removed as %.he c_mopy, is s_,_m:;trlcal anl the prefigures at p_itlve

yaw shotuld merely l'o in the opposite sense from those measured at

r_gatlve ys_. With the propeller operating, the power-off test

procedure _:as repeated and was extended to include tecta for the

same _ories of conditions throughout the corresponding positive

yaw range. Thrust coefficients corremponding to constant military

power operation in f]iE]_t for each of the rospbctivo llft coofficlont_.

were determined from a fli_:ht curve of T c against CL calculated

for _ea-level operation with mili.tary power (fig. 5).

For all tcmt8 _zith the propeller operating, the propeller warn

@et at a cr;n#tant blade anglo of 18.4 o moasui_d at the 0.75-radiu_

station, All data _¢orc obtained with cool,it v.ent_lator3 and cowl

flaps elo_ed, end with the tunnel operating at em airspeed of approxl-

_,-_toly 60 mi].e_ !_or hour.

• - S_,,_OLS

CL

_C

lift coefficient (_qo_)

L

T

pressure coefficient %")_"_- Po

• " li_;t _orce, po_mds
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T

qo

Do

P

Pc

thrust, pounds

free-stratum (]yn,_mlopressure, . ,_o (lp)r_oun_o per square foot V2

mass density of air, _'_-_o per cubic foot

local static pressure, pounds per s_uare foot

free-stream static presstme, pounds per-square foot

S- wing area , square fo_o

V

I)

airspeed, feet per second

propeller diameter, feet

Subscripts:

i internal

e external

DISCUSSION OF REpULSe

The results of the external pressure measu_cmonts are presented

in figures 6 to 13 in the form of pressure-distribution plots showing

(P" - _o 1
the variation of the external pressure coefficient _ _oo -/ at six

lateral sections through the canopy for all conditions investigated.

The average static-pressure coefficients measured alon_ bho inner

surface of the canopy are also shown on the respective figures for

each test condition. These internal pressure coefficient_ are averages
obtuined from measurements made at six points on the inner surface

located as sho'_u_in figure 4. Average internal press_me co<;fficlents

are shown _nasmuch as the coefficients were unifor_ at the cix points

of measurement for all configurations investigated. The variation of

internal stat.!c.-pressure coefficient _._ithynw is shown in figure 14

for the complete range of airplane attitudes tested with canopy closed

and propel].cr operating.

External Pressure Distributions

Zero yaw,-. Th_ results of the tests made _,_iththe airp].anc at zero

yaw attitude both w_th propeller removed and with propeller operating

are presented in f_g;ures 6 and 7. With the prope,,l!erremoved (fig. 6),

th_ results sbo_,_that the lateral pressure coeff_.eiont d._stributions
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are e_,sontir,.llys3qmuotrical at all stations for the complete remc]e of
t_st conditions. For the low lift coefficient range (fi[js_ 6(a) and

6(b)) _oak nero.tire prcssv_'e coefficients of rq3proximatp!y -0.70 cxlst
.]mo_:_si e y for the moreon the; front 3 ]ateral _t._vt,.ionsstud dim_nlsh ........ v l-

r_-._,_-_ stations, %econdng, sl_shtly positiv0 "_............. a_ the last station of

mcas_s:emont (station 6), For the hich ].ift-co.3fficJent ro_go

(fi{_{s,6(c) and 6(d)), the characteristics of the pressure distributions

are essentially unchanged _IthouGh the _c,gnitudo of the peak negative .

pressure coefficients increases cradually with increasing lift coef-
ficient, reaching peak values as high as -0_95 at the top of the front

sections as shown in figure 6(d)_ .. : -.

: ?

With propeller operr._tin[< (fiG. 7), the pressure co.efficients

are appreciably hi&her due to the increased local velocity in the

propeller slipstremm, eme..the ].a¢,_raldistribution of pressure on the

caP,opy becomes qulto as_mmv_trical at the higher thrust condition

due to slipstrca_ rotation. The restL!$s indicate that due to this
presmm-e as3umnetry, side loads exist' tendin6 to force the front of
the canopy toward the richt and the rear toward the left] As shown

'by the figures, openin_ the Canopy rosuXts in more pronotmced pressua_e

as_zmetry at the front stations of the canopy but causes a dof!nlte
reduction in th6 m_q6uitude of the oxterna], pressure .co6fficSents,

Based on the 6xterna!-internal presstu_e a___orent_.a], and a_prox_.h_to

flightdynemlc pross9_es corresponding to the:r6_oective !ift coef-

ficients, these result._ indicate that the total net ex_.lodtng load

on the c_m6p3[ will be greatest when the airplanCL is operating .at high
speed {dth canopy closed. However, as the resu!ts show that increasing

-llft coefflcient causes a s]ig_ht increase inthe external presstu_e coef-

ficient, a, slIg_tly greater load shou]:d be anticipated for ahigh-

speed pull out than re# the high-speed ].evel flif-:htcondition,. It-

should also be noted that while local crushing loads are indiCatedfor

some conditlous they appear to be small in comparison to th_ critical

exploding loads.. :. " .- : :

!'__e___a_i_v_{a_.-Fi6___es 8 and 9 present, the results of tests made

w_th propell.er removed and the airplane at negative yaw attitudes
(right w_ng_ ad.vs_ncod)of r-7.5 _d -15 degrees. The effect of nogatlvo

yaw as indicated by those rem_!ts is to produce as:immetry in the

pressure distributions, The 9s_otry. _.s.most o..r.on.otmce.dat the
front sections Of %he canopy where the Cronte(_t nesative pressure

coefflc!ents occur on the side toward the retarded winG_ whereas for

the three rear statlons thoas27m_iotrg Is' less.pronounced w'itIlhi6hest

negative _ pressures on.tho side toward the advan_Inc wing.

AS co_:_ared to propoi].eb-re,:iow,d results at zero yaw (fig. 6)

it is seen that in addition to the pressure asy_.n_etryproduced by yaw,

'th<:._Asnitude of the per_k ne6_L_tlvepressure for a _..;iven. lit'b coefficient
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.is also Increac, ed as the ,v.2.wm]g].e .!ncrea_'_cs. _¢ith propeller operat._ng

(f.Igs_ 1.0.and !I) t_ie,results chow-hhat the presCure asym_,e,_r....,y is

reduced inasmuch as the sl:ipstre_u rotation tends to opDose the sn]£]c
of flow over the Cemopy .Jnd_ced by ne.Eativ'o yaw, As prevJous!y noted

at, z_ro ya_;_the _k_fydtude of the prosstu'e coefficients are appreciably

increased-at the higher :bhrust coefficients d.uc to the increased

slipstream velocity over the c._moD-.,_, Throu_;ho.ut the range of negative

yale en_s!!es, openin/{ the canopy increases [he ss_,_motry of distribution

at the front canopy stations but causes a general reduction !n the

_itude of the press_Ere coefficients over the complete, canopy. The

results indicate that the cs_opy net.load_ will be most critical with

canopy closed throuc_ the ne.gativ@ yaw rs_;e inssmuch asthe diffore,._-

tial extorr_l-_ntornal.presst_ro coefficient decreases rapidly when

the canbp#- is opened. "
f

. -: . . " ." :

. : PositS.re ZvQ_¢.,The _sults of the tests made at positive yaw
at!;itv_._-_['_t--wing retarded) with the propeller" operatin_ are

presented in figures 12 and 13, From these figu_;es' it is seen that

at positive yaw attitudes the as_nm_etry of flov over the canopy due

to #aw combines ,,zith the flow asymmebry and increased local ve].ocities

iof t]_e propeller s!ipstroam So that for any 6lyon li_t coefficient the

".lateral asymmetry of pressure bees'rues very pf'onottffced and the magnitude

of th._ peak negative presstu_e coeffmcients ,increas@ appreciably as posi-

• tive..yaw isincreased. . .-..'.. ,/ . , "
. "* "" - " Tt " . _ . . :.." , . . " .....

. TheSe results therefore indicate that ':_e canopy ].cads encountered

at .positive yaw_ attitude will be much more e_re.mo t_an. the loads

indicated for correspond.{'ng ,attitudes .(s_ne C L s-6dT c) at either zero
• , .,... : .

or negative yaw,' As prcviohsly noted for zero and"no3ative yaw attitude_

opening the canopy has the General. effect of decreasing the external

pressUre coefficients althouc_ the as_anmetry of pressure distribution
.,.rent sections, Based on the differentialbecomes more pronounce_ at. the _

exter_al-lntcrnal pressure coefficients the result_ indicate that the

greatest, net loads will exist at all attitudes wi_h csnopy completely

closed..i' : ' " ,.,

. ] " internal Static Pros:sures. ." " .,
:

Static pressure cecil?de.dents, measured .at the _p_er..su, _.a,o of

,the cano:oy are sho_.ai .in conJ_ction _ith the exte_n_a]_ presstpre distri-
butions presented fin fi.gu-_/eS. 6 5o 1_ for the complete range of test

eondihions. _n addition_ :['i.o:ure 14 is,presented to m_._mar_ze the

variation of internal prbssur¢ c.e,___cient wi-hh yaw angle for the

range of airplane att ituS.es J.nvestig_ied with the canopy closed and

prope!].er ope.rat!.ng, " As sho_mby the results the l_i_hest inbernal

n_ C -i 1.... a,:.vc pressure coefficients occur when the c..@m6py is open 3 inches

end the !oc_st negative 7,ret_sum_e eoofficien%-s occur w_th canop?f c!o_,od.
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For the zero yav attitude with propoller eL_er&ting_tho internal

p_........e coedsa cleats _,_.tvhcanopy closed vsriod, from 0 for CL = 1,18

to -g_.O7 for CL = 0,]_0 vhereas vith the canol)y open 3 _nches the

pressure coefficients ranged from _-i°02 to-g),54 for the same lift

coefficients of' i.i$ _ui@.O.]O,respectively. From figure 14 it is

seen that for the canopy-closed condition the interne,1 pressure

coefflclonts remained approximately constE:nt fihrouE(hout the range of

negative yaw attitudes but bec_]le iucrcasingly negative as yaw

increased through the positive r_mge.

CONCLUDING tKg.bqAI'_

The results of the investigation of pressure, distributions on

the bubble t_fpe single place canopy which was typifiedby the installa-

t:Lon ¢,,n Lhe Grounder,an F%F-..1 airplane t:,ho_,r tha_:

i. The net ex_p].oding, forces on the canopy will be _-eatest when

the airplane is operating at high speod.%_ith canopy closed.

2, For all co_ditions the net canopy load will be in an

exploding direction.

3. At all attitudes investigated, partially openlng the canopy

reduces the external negative preom_e coefficients and increases the

internal negative pressure coefficients thus reducing the net exploding
loads.

4. Yawing the airplane increases the maenitude of the peak

negative presst_e coefficients and results in an as2m_trical lato_-al

distribution of pressure which becomes more pronounced .with increasing,

_vaw.

5. The high axial re,celtics and rotation of the slipstream at

high th_ust conditions also increase the magnitude of the pressure

coefficients and produce as_m_etry in the distribution of pressm"e,

The effects of propel!or operation are most pronotmced at positive

yaw attitudes as the flow as_unotry duo to cloc]_ise slipstream rotation

combines with the flow as_;_etry due to positive yaw.
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6. Incroaslt_g the lift co_ff_clcnt causes a slight _ncrcase _n

the ma_nltudc of t.ho cxtern._l pressure coofficlcnts.

Langley Momori,_.l A(!:ronauties_l Laboratory

National Advisory Co,_:[ttee for Aei_onautics.

L_'..1_leyField, _a.
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(a) C2mopy closed.
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L

ill _ .

(b) Canopy full open.

Photographs showing the general arrangement of the bubble-

type canopy on the F8F-I airplane.
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